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A STUDY OF THE REACTION OF COPPER(II) ION WITH 4-METHYIL~-3-PENTEN-2-ONE

e
By Ivory V, Nelson and James Dillon =

A spectrophotometric study of the reaction between copper(II) ion and
4-methyl-3-penten-2-one demonstrated that the complex ion, Cu(4-methyl
—3-penten-2—one)f and the precipitate involving two moles of 4-methyl
-3-penten-2-one and one mole of copper(II) ion were formed. The rate
of the formation of the complex ion was found to be first order in
copper(1I) ion, and the reaction to form both the complex ion and

the precipitate proceeds at a faster rate in solvents of lower
dielectric constant,

Introduction

In a recent studyl of the polarographic behavior of copper{II) -4on

———— ——

(1) 1I.V. Nelson, R.C. Iarson, and R.T. Iwamoto, J. Inorg. Nucl., Chem., 22, 279(1962).

-

in 4-methyl-3-penten-2-one, commonly known as mesityl oxide, it was observed that
the reduction of copper(II) occurs reversibly only when solutions are heated or
211lowed to stand for approximately six days. Assuming that this reversibility is
due to the formation of a complex consisting of copper{II) ion and the mesityl
oxide molecule, a study of the nature and stoichiometry of this reaction should
give some insight into the makeup of the electroactive species. This paper
" reports the result of this study. During the course of this investigation it was
observed that the reaction in question proceeded at a rate too fast to study by
apectrophotometeric means in pure mesityl oxide, thus this study was carried out
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in acetonitrile, methanol, dimethylsulfoxide, and dioxane. [ £ 7



Experimental Ssction

Apparatus, - Absorbance measurements were made with a Beckman DB recording
spectrophotometer and matched 1.00~cm silica cells, The temperature was maintained
at 23,0 + 0,2°C by using . jacketed cells in conjunction with a thermostatically
controlled water-bath,

Materials, - The organic solvents were purified by treatment with appropriate

reagents and fractional distillation®s3. Acetonitrile was fractionally distilled

(2). AW, Weissberger and E.S. Poskauer, "Organic Solvents", (2nd Ed)
Interscience, New York (1955).

(3). A.I. Vogel, "Practical Organic Chemistry", (3rd Ed) Longmons, London, (1956).

from phosphorus pentoxide, Absolute methanol was treated with magnesium activated
with iodine and fractionally distilled. Technical grade mesityl oxide was dried
with anhydrous potassium carbonate and fractionally distilled after filtration
from the potassium carbonate, Dioxane was dried over sodium metal and fractionally
distilled., Analytical grade dimethylsulfoxide was fractionally distilled.
Anhydrous lithium perchlorate and copper(II) perchlorate hexahydrate
(G.F. Smith Chemical Company) were dried in a vacuum oven at 60°C and used without
any further pretreatment., Copper{II) solutions were standardized electrolytically.
Procedure, - To study the rate, a calibration curve for copper(II) was prepared
at 740 millimicrons., Aliquots of a 0.2224 M standard solution of copper{Il) were
added to a 25-ml volumetric flask containing mesityl oxide in acetonitrile,
methanol, dimethylsulfoxide, and dioxane. Determinations were made on solutions
containing molar ratios of mesityl oxide to copper(II) from 19/1 wo 100/1.
Absorbance measurements were taken at two minute intervals at 740 millimicrons,
Analysis. - Ths white precipitatc from acetonitrile and dioxare sclutions was
dissolved in acetonitrile by heating., A small amount of powdered activated charcoal
was added and the mixture was heated a few additional minutes, After filtration,
the colorless liquid was cooled in an ice bath and long needle-shaped crystals were

collected., The copper content was determined electrolytically. Test for the

perchlorate anion indicated only trace amounts,



Results

I

Application of the method of continuous variations™ to the system

-

(4). W.C, Vosburgh and G.R. Cooper, J. Am. Chem, Soc., 63, 437 (1941)

- -

copper(11)-mesityl oxide in acetonitrile demonstrated that one mole of copper(II)
ion and one mole of mesityl oxide are involved in the formation of & red colored
complex, Figure 1 shows plots of absorbance versus the mole fraction of copper(II)
at a wavelength of 740 millimicrons for solutions in which the sum of the concentra-
tions of copper(II) and mesityl oxide are constant, The results were obtained
with total concentrations of 0.01 M and 0.0075 M respectively. (Cooper(II) plus
mesityl oxide). In each case the maximum occurred at a mole fraction of 0.5,
indicating the formation of a 1 : 1 complex, Figure 2 shows the spectra of the
complex in acetonitrile and pure mesityl oxide.

Further evidence for the existence of a 1 : 1 complex was the constancy
of the quantity A/ [Cu'HJ [Mesityl Oxid%] at various concentrations of added

copper(II) and mesityl oxide as shown in Table I.

Table I
Values of A/[Cu™][ Mesityl Oxidg] \
[Cu'H”] E{esityl Oxida Absorbance [Cu’*‘*‘] [ Mosityl Oxide]
0.001 0.009 0.27 3.0 x 10*
0,002 0.008 0.39 2.5 x 10
0.003 0.007 0.63 3,0 x 10*
0.004 0.006 0.71 3.0 x 10°
0.005 0.005 0.89 3.4 x 10
0.006 0.004 0.72 3,0 x 10%
0.007 0.003 0.63 3.0 x 104




f ' R €00°0 SUOTARIFULOUCY TB3CeL °d 7 T0°0 SU0T3RAUSIUCT TEIOL 'y
copIxc TA3TB2W puv UOT (11)aeddod u9aMldq uoT20®eal 9Yg Jo L1qewoTydTo3S--1 aandTq

: ,?0 40 NOTIOVEd TOH
£10 Lo 3o S’o b oo aww ¥

A
3

¥
O

A

HNVEHOSE Y

W
5

G e i e PR

o




sprxg TAqTsen (g) eTTx3tuosy (v) ° +(BPF¥0 TL9TS9R)ND FO BIJ08AE OLALBLATT ¢ BUnNTvd

ﬁ PVl eatle als .\\V\\,\K\J \VN%\&\Q\V\V\WR

ofs o > 19 (2743 fal%a Q7 losdd o, ofd

#HE




-

Thévconstancy of this quantity shows that no significant amount of free copper(II)
ion exist in the presonce of mesityl oxide in these measurements, The values

are seen to be constan’ vwithin experimental error as would be expected for the
proposed reaction.,

Investigation of the Rate of the Reaction, —~ The rate of the reaction of

copper{IT) ion with mesityl oxide was shown to be fivst order in copper(II) ion
within the molar ratio of mesityl oxide to copper{I7) icn from 19/1 to 100/1.
Figure 3 shows plots of the logaritim of copper(TT) ion concentration versus
timo, The rate constants for the formation of the copper(TI)-mesityl oxide
complex are given in Tabkle II,

Teble TT°

Fate Constents for the Reaction of

Copperd 1Y Ten with lesityl Oxide
to feam CullMerityl (wide)T

[iesityl Oxidel/ {CUH} K
%1 1.8 x 10 sce™k
1641 1.2 x Z!O"l+ xec"l
66/1 L.h x 10"3 sec"l
100/1 2.4 x 10°  gecl
a

Average of at least three deoterminztions

1t was cbserved that afber a fow minutes a white erymballine solild

Lie

appeared in the colored sclulion, Analyeis of this crystaliine solid yieldel
ot trmed - a 1 g 23 204 . 0.0L%

an average copper content as determinec from five camples as <3,<ct i V.lio.
This percentage of cooper(II) corresponds to a copper(Ii)-mesityl oxide ratio
of 1:2, Only trace amounts of perchlerate ion was preserd,

On allowing the white solid to be exposed tc the atmosphere the white
crystals change to a greenish-blue hygrescopic suhstance, which is only slightly

i

2oiuble in acetonitrile, presunably indicating partial hydrciysis. uben

acetonitrile solutions of the hlue substance are heated the blus material
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dissolves giving a green solution, which gives the familiar red solution on
further heating, The solution returns to its original green color when it
is allowed to cool.

Effect of Solvents, -- Using the same experimental conditions, attempts

were made to study the reaction of copper(IIl) with mesityl oxide in other
solvents such as dimethylsulfoxide, methanol, and dioxane, Upon addition of
mesityl oxide to solutions of copper(II) ion in dimethylsulfoxide a green color
slowly increases in intensity. Allowing the mixture to set for about six deys
resulted only in a very dark green solution, with no spectral indication of the
appearance of the red complex nor visual appearance of the white crystalline
solid. When mesityl oxide was added to methanolic solutions of copper(II) ion
a green color increases in intensity and subsequently changes to a brownish-
red color after a period of approximately two days. Only a few white crystals
are observed, The reaction in methanol may be speeded up however, by heating.
Dioxane solutions of copper(II)-mesityl oxide react in the same manner as
acetonitrile solutions of copper(II)-mesityl oxide, but at a much faster rate.
The appearance of the red complex and white crystalline solid is almost
instantaneous.

Effect of Salts., --0.1 M acetonitrile solutions of anhydrous lithium

perchlorate containing 0.02 M copper(II) perchlorate were treated with varying
amounts of mesityl oxide, No red complex, nor white crystalline solid wes
observed. Only when high concentrations of copper(II) and mesityl oxide are
used or when solutions were heated did the red color form, No indicaticn

of a white percipitate was observed,

Discussion
The results of this study indicate the following reaction scheme for

the reaction of copper(II) with mesityl oxide in acetonitrile,



Cutt eeee—> Green Solution

CH, CN (a)

A + Mesityl Oxide w3 Cu(Mesityl Oxide)™
Slow (Red)

Cu(Mesityl Oxide)t + Mesityl Oxide — s Cu(Mesityl Oxide) zl
Fast

Cu(Mesityl Oxide)2 y Blue Solid
Atmosphere (B)

> Green Solution e———3 Cu(Mesityl Oxide)”™

CHBCN (1) Heat (Red)

Further analysis of the results indicates that the reaction proceeds
at a faster rate in solvents of low dielectric constant. The data also
suggests that the copper(II) species being reduced in pure mesityl oxide
is the Cu(Mesityl Oxide)’ ion.
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